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ABSTRACT
The area investigated covers 22 square miles in 
northern Colorado, 12 miles west of Fort Collins, It is 
crossed from north to south by the physiographic boundary 
between the Great Plains and the Roosevelt-Livermore Mountains 
division of xhe Colorado Front Range and from west to east by 
the Cache La Poudre River,
The western portion of the area is underlain by foliated 
metamorphic rocks (biotite gneiss, sillimanite-biotite 
gneiss, granite gneiss, garnet-biotite gneiss and mica schist), 
which contain syntectonic concordant igneous injections of 
pegmatite and granodiorite. In the eastern part of the area, 
the Precambrian crystalline rocks are overlain unconformably 
by moderately folded sediments of Pennsylvanian and younger 
ages*
The area was subjected to isoclinal folding and regional 
metamorphism in Precambrian time, followed by uplift and 
faulting during the Laramide orogeny at Late Cretaceous time.
Four large northwest-trending faults cross the reservoir 
and create some possibilities of leakage. Foliation partially 
controls the trend of these faults. Cataclastic zones and 
mica schists are developed along the vertical fault planes.
Three major joint systems are evident in the area; 
joint spacing ranges from 1 to 6 feet, but mostly between 
1 to 2 feet. Joint openings measure from 0.01 to 1 inch. 
One joint system and the foliation of the biotite gneiss 
are nearly parallel, and at the suggested damsite, dip 75 
degrees upstream.
Weathering effects are moderate throughout most of the 
area; maximum intensity occurs in the sillimanite-biotite 
gneiss and the least in the granite gneiss.
For construction purposes, granitic and quartzitic 
aggregate is available from alluvium in the canyon; good 
impervious material is available from Cretaceous shales 
cropping out approximately 9 miles downstream from the 
damsite.
The Grey Mountain dam and reservoir are geologically 
feasible. Additional investigation by drilling and geo­
physics is recommended in order to provide supplementary 
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INTRODUCTION
PURPOSE AND SCOPE
The proposed Grey Mountain multipurpose dam and reser­
voir, to confine water from the Cache La Poudre drainage 
basin, is part of the U.S. Bureau of Reclamation's Front 
Range Project. As now planned, the earth and rock-fill dam 
will be about 375 feet high, and have a crest length of 1500 
feet. The reservoir will have a storage capacity of roughly
200,000 acre-feet, with its water-level surface conforming 
to 51^30-foot contour.
This report presents the results of a geological study 
of the damsite and reservoir area, in which the minéralogie 
and textural character of the rocks, and the structures de­
veloped within them, are emphasized. The utility of the 
Schmidt-Hammer, to investigate the compression strength of 
the rocks in the field was studied. Finally, the geologic 
data were evaluated in terms of their application to the 
engineering problems associated with the dam and" reservoir: 
the stability of the abutments and foundation, the possi­
bility of leakage, the maintenance of the diversion tunnel 
and spillway, the slope stabilities around the shoreline, 




Geologic mapping was done on aerial photographs of the 
U.S. Geological Survey (scales 1:17,000 and 1:37,000) and 
of the U.S. Forest Service (scale 1*17,000). The topographic 
sheets of the Poudre Park and Laporte Quadrangles (scale 
1* 24,000) were used as the base map. The map in the vicinity 
of the suggested damsite was enlarged to a scale of 1"- 2201 
to facilitate recording of a maximum detailed geologic in­
formation.
Rock strength tests were made in the field with an L-Type 
Schmidt Hammer, using the vertical downward impact method.
The results are plotted on the stress map, Plate 5«
Pétrographie studies and the analyses of fractures were 
made in the laboratories of the U.S. Geological Survey, of 
the Bureau of Reclamation, and of the Colorado School of 
Mine s•
HISTORY
Geologic and hydrologie studies on the Cache La Poudre 
River were begun in 1927 and 1Q28 by the Bureau of Reclama­
tion, and with the cooperation of the Poudre Valley Water 
Conservation Association, to determine the feasibility of 
a reservoir and hydroelectric plant. Later investigations 
were conducted by the Bureau of Reclamation in 1957» which 
incorporated the Cache La Poudre River into the Colorado- 
Big Thompson Project through the North Poudre diversion canal.
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Early in 1962, further studies were made, and were 
released in February 1963 (Cast, personal communication) as 
a Reconnaissance Report, which outlined a multipurpose proj­
ect to supply municipal water, agricultural irrigation, flood 
control, and sites for fishing, and recreation.
REVIEW OF LITERATURE
Geologic studies along the Front Range were made by 
Lovering and Goddard (1950), and included a discussion of 
the general geology and mineralization of the Grey Mountain 
Area.
Kirchen* s studies (195^) for the incorporation of the 
North Poudre Supply Canal into the Big Thompson Project 
gave special emphasis to the stratigraphie sequence from 
the Fountain Formation (Pennsylvanian) to the Niobrara 
Formation (Cretaceous).
In the area of study, the sedimentary formations east 
of the lower Poudre Canyon were mapped by Broin (1952); 
Precambrian rocks were mapped by Swann (1962, by O'Connor
(1963), and by Wohlford (1964).
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The mapped area lies in Larimer County, Colorado, in 
sections $,6,7,8,17,18,19, of T-8-N, R-69-W$ sections 1,2, 
3,4,5,6,8,9,10,11,12, of T-8-N, R-70-W; sections 27,28,32, 
33,34, of T-9-N, R-70-W; sections 1,2,3,4, of T-8-N, R-7I-W1 
and sections 34,35 of T-9-N, R-71-W. It covers portions of 
the La Poudre Park and Laporte Quadrangles. The studied 
area covers approximately 24 sq, miles.
The damsite is 12 miles west of Fort Collins, and can 
be reached over State Highway 14 (Figure 1).
TOPOGRAPHY AND DRAINAGE
The topography of the area varies from gently rolling 
to moderately rugged with maximum relief approximately
3,000 feet.
The drainage pattern of the Cache La Poudre River basin 
is dendritic, and contains two major systems - North Fork of 
the La Poudre River and the La Poudre Park Basin, with Fall, 
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FIGURE 1.- Index  m ap o f the  location o f  the G rey M o u n ta in  
Dam and R e s e rv o i r  P ro jec t ,  Cache la Poudre  Canyon, 
L a r im e r  C o u n ty ,C o lo r a d o  .
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FIGURE 2. Aerial oblique looking northwest 
along Cache La Foudre Canyon.
E-F proposed damsite; Grey Rock 
Mountain at extreme upper left.
CLIMATE AND VEGETATION
The temperature ranges from well below 0° F in the 
winter to above 90 F during the summer. The precipitation 
at Port Collins during the past decade averaged 14 inches 
per yeari with departures from the median averaging 3 inches 
(Climatological Data Compilation$ Annual Summary, U.S. 
Department of Commerce).
Hills of the Cache La Poudre area are covered by 
scattered groves of Ponderosa pine. East of the canyon, 
the western margin of the plains supports predominantly 
grasses, brush, and sparse dwarfed juniper. Vegetation is 
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In the western half of the area, in the vicinity of the 
proposed dam and reservoir, the dominant rocks are gneisses. 
For purpose of mapping, this rock has been divided into 
five units; 1) biotite gneiss (predominant), 2) sillimanite- 
biotite gneiss, 3) garnet-biotite gneiss, 4) mica schist, 
and 5) pegmatite and granite gneiss.
Chemical and mineralogical data according to Wohlford
(1964) suggested these metasediments are derivated of shales, 
subgraywackes, arkoses, argillaceous limestones, or calcar­
eous shales. Small amounts of amphibolite gneiss (hornblende 
biotite gneiss), included within the biotite gneiss, may 
have been derived from basaltic lava flows.
Biotite gneiss: This predominant unit is a dark, gray 
to green-gray, fine- to medium-grained, moderately foliated 
rock characterized by well-defined bands of feldspar and 
quartz alternating with layers of strongly oriented biotite. 
The thickness of the individual layers range from less than 
one inch to several inches.
The component minerals are alkali-feldspar (50-60$), 
quartz (17-20$), biotite (15-20$), plagioclase (1-6$), 
garnet 1-5$ ) and accessory magnetite, zircon, and apatite. 
The rock weathers to estimated depths of 20 feet, principally 
by the decay of the feldspars to clay minerals.
Sillimanite-biotite gneiss: This unit is similar to 
the biotite gneiss, but contains from 15 to 25 percent 
sillimanite, mostly as bundles of acicular crystals lying 
parallel to the foliation, but also in minor amounts as 
individual needles within microcline porphyroblasts.
The rock shows marked effects of weathering at the 
surface, due to the decay of sillimanite to an orange, 
clay-like material.
Garnet-biotite gneiss: This unit crop out in red-
brown cliffs in the north-central part of the area. The 
texture is medium-grained, porphyroplastic, with 0,05 to 
2 -mm. crystals of almandine garnet in larger, oriented 
biotite crystals, surrounded by a fine-grained matrix of 
muscovite, quartz, and oligoclase. The average mineral 
composition is quartz (40$), oligoclase, An26-Ab?4 (35$)» 
biotite (15$), garnet (10$),
Mica Schist: This rock occurs along some fault plane 
and shear zones, and is generally covered by a thin layer 
of colluvium. Its foliation and small stringers of quart 
are vertical, with a predominant orientation of N 65 W.
Figure 4, Photomicrograph of Precambrian biotite 
gneiss; note altered feldspar at lower 
left. (28x, crossed niçois).
Qtz” quartz; a. felds.-altered feldspar 
biotsbiotite
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Figure 5* Precambrian si-11 imanite-biotite gneiss 
exposed on vertical wall, sec, 9,
TSN, R7OW. Lineation of elongated 
sillimanite bundles in foliation planes 
oriented from lower left to upper right. 
Yellow-orange patches are sillimanite 
porphyroblasts that have weathered to 
clay-sise materials.
' .* g 4
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Figure 6, Photomicrograph of Precambrian garnet- 
biotite gneiss; poikilitic garnet 
disseminated in biotite; altered 
feldspar at upper left (23x, crossed 
nicols).
Qtz-quartz; feld-ield spar ; biot-biotite
Figure 7• Precambrian granite Gneiss, Pen is
alone: the contact between granite 
stringer, on the right, and granite 
gneiss containing lit-par-lit 
pegmatitic injection, on the left.
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Pegmatite and granite gneiss: This red to pink gneiss
is composed under microscope of orthoclase (65-70%), quartz 
(15-20%), biotite (5-10%), plagioclase (3-7%)» and accessory 
zircon, pyroxene, magnetite and scattered garnets. The 
plagioclase has been partially altered to clay.
The rock is characterized by alternating bands of 
granitic gneiss and pegmatitic injections up to 5 inches 
thick. Its migmatitic texture permitted its separation as 
a lithologie unit. Contact between this unit and other 
gneissic rocks is gradational.
IGNEOUS ROCKS (PRECAMBRIAN)
The igneous rocks of the area occur as numerous lenses, 
sills, and irregular dikes of pegmatite and granodiorite that 
have been injected into the metamorphic rocks principally 
along north-west-trending fractures that parallel the 
foliation and the axes of isoclinal folds. They vary from 
an inch to 5 feet thick, and can be followed in some instances 
for distances up to one-half mile.
The pegmatite and the granodiorite are closely associated, 
and are believed to have originated from a quartz diorite magma. 
These rocks are composed predominantly of coarse-grained 
aggregates of quartz, plus microcline and plagioclase in both 
discrete grains and perthitic intergrowths, with variable 
amounts of biotite, - and accessory tourmaline, garnet, and 
zircon. Basic borders of biotite are prominent along the 
contacts between the dikes and the adjacent country-rock.
Figure 8. Outcrop of Precambrian biotite gneiss
along interstate Highway 14 (Sec. 4, 
T8N, R70W).
Note the light-colored, thin pegmatite 
sills. View toward southeast.
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Figure 9, Photomicrograph of Precambrian
pegmatite; slight alteration of the 
feldspar to clay (28x, crossed Niçois),
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PALEOZOIC AND MESOZOIC ROCKS
In the eastern half of the area and in the lower basin 
of the Cache La Poudre drainage, a sequence marine and non­
marine sediments of late Paleozoic and Mesozoic age uncon- 
formably overlies the Precambrian metamorphic and igneous 
complex.
Fountain Formation: Coarse pebble conglomerate and 
arkosic sandstone; red to pink, coarse-grained, interbedded 
with multicolored shale (arenaceous). Sandstones with 
characteristic trough-cross stratification are common in 
'the area. This formation overlies unconformably on 
Precambrian metasediments. The thickness of Fountain For­
mation in the area is estimated to be 1,050 feet.
Ingleside Formation; Sandstone; light pink, tabular 
cross-bedded, carbonate cementation, medium-grained; l60 
feet thick.
Satanka Formation: Shale and sandstone; dark red, 
fine-to medium-^rained ; locally micaceous shale ; 310 feet 
thick.
Lyons Formation: Arkosic sandstone; buff to yellow,
fine-grained; tabular cross-bedded, silica cement; 190 feet 
thick.
Lykins Formation* Lower part consists of orange, thin 
beds of soft to friable sandstones with some thinly inter­
bedded siltstone and claystone; upper part consists of
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alternating layers of thin limestone and evaporites highly 
leached at the exposures; 660 feet thick.
Morrison Group: Undifferentiated units of pink fine­
grained sandstones with interbedded green-to-dark gray, 
thin-bedded shale. May include Entrada and Jelm Formations, 
Dakota Group: Three sandstone units; yellow, fine-to-JST:-
medium-grained, thin-to-thick-bedded sandstone with thinly 
interbedded layers of entonite. 480 feet thick.
Benton Formation: Shale; dark gray, thick-bedded; shale
interbedded with several bentonite layers up to 6 inches; 
upper zone highly weathered. 680 feet thick.
Niobrara Formation: Sandy, thick-bedded limestone at
base; gray to buff shale at top. 620 feet thick.
SURFICIAL DEPOSITS
Terrace gravels: A few widely-scattered deposits.of
Pleistocene cobbles, pebbles, and gravels lie 15 to 150 feet 
above the present river level, but were mapped collectively 
with the other alluvial deposits. They consist principally 
of rounded aggregates of quartz monzonite, granite and 
diorite porphyry.
Slope wash: Talus, derived locally and directly related
to the underlying bedrock, forms a thin cover along both 
sides of the Cache La Poudre River.
Alluvium: Gravel and sand deposits with large cobbles
and boulders are present along the Cache La Poudre River, and 




S a n d y , th ick -bedded  l imestone  at  base , -g rey  to  bu f f  shale  at  t o p  •
L ig h t  - g r e y , t h i c k - b e d d e d  s h a le  w i t h  severa l  benton i te  laye rs .  
Upper zone highly w e a t h e r e d  to  clay.
Y e l l o w ,  f ine - t o  m e d iu m -  g r a i n e d ,  t h i n - t o  t h i c k - b e d d e d  sands tone  
w i t h  th  in l y  - i n t e r  bed ded l a y e rs  of  b e n to n i te .
U nd i f fe ren t ia ted  uni ts of  pink, f i n e - g r a i n e d  sands tones  w i t h  in te rb e d d e d  
g r e e n - t o  d a r k  -  g re y  , t h i n  - bedded shale  - M ay  inc lude Entrada and Jelm Fms
O r  a n g e , f i n e - t o  m ed ium  - g r a in e d  , f  r i a b l e p h i c k - b e d d e d  sandstone 
a n d  i n t e r b e d d e d  t h i n - b e d d e d  l im es tone .
B u f f  to  g r e y  , f i n e - g r a i n e d ,  t a b u l a r  c r o s s - b e d d e d ,  a rk o s ic  s a n d s to n e
Reel to  p ink ,  f i n e  - t o  m e d i u m - g r a i n e d  , sand s to n e  and s h a le .  Cross  - 
bedded s a n d s to n e  in l o w e r  u n i t  ; p la n e -b e d d e d  s h a l y  s a n d s to n e s  
in u p p e r  un i t  .
M u l t i c o l o r e d , c o a r s e - g r a i n e d , a r k o s i c  sands tone  and i n t e r b e d d e d  




Gneisses in t ru d e d  by g r a n o d io r i t e  and p e g m a t i t e  d i k e s .
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FIGURE 10. -  S t r a t i g r a p h i e  c o l u m n  of G r e y  M o u n t a i n  a r e a .
Figure 11. Potential aggregate source along
Cache La Poudre River (Sec. 9» T8N 
R70W). View looking northwest to 





The mapped area lies across the boundary between the 
Great Plains and the Colorado Front Range (Roosevelt- 
Livermore Mountains) and therefore includes the structural 
hinge along which a major Laramide uplift occurred. The 
Paleozoic and Mesozoic sediments, which were gently warped 
into broad, open folds on the plains in the eastern half of 
the mapped area, were steeply tilted at the s truc tural-h inge 
line along the flank of the mountains, and so formed the 
characteristic foothill hogbacks. These rocks have been 
removed by erosion from the mountainous western half of the 
mapped surface, and, in this area, Laramide structures are 
obscured by complexities within the Precambrian crystalline 
rocks, Laramide movements possibly were localized largely 
along re-activated Precambrian structures.
STRUCTURES IN PRECAMBRIAN ROCKS
Fold in?, foliation, and lineationi Isoclinal and tygmatic 
folding in the Precambrian metamorphic rocks, their planar 
textures, and their mineral assemblages, all indicate these 
rocks were deformed plastically at relatively high temperature 
and pressure, presumably in the zone of flowage.
The granitic gneisses commonly exhibit planar structure 
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Two types of lineation were observed; one is defined by 
a preferred orientation of prismatic crystals and elongate 
aggregates of minerals, and the other produced by the axes of 
crenulations on the planes of foliation. These elements have 
preferred northwesterly orientation, although the foliation 
within the mica achists follows the strike of related shear 
zones and fault planes.
Joints and fractures: All metamorphic rocks are jointed.
Nearly every outcrop displays at least two or three conspicuous 
joint sets. The principal orientations are N 70 W, 60 B; N 20
o  ^  oB, ?0 W; and N-S, 80 E. The minor joint sets have widespread 
attitudes.
Faulting: A second oeriod of deformation followed that
of plastic folding, and is indicated by faults and joints of 
various attitudes that do not conform to the foliation of the 
rocks. Dikes of unmetamorphosed pegmatite and granodiorite 
were emplaced not only along the predominant northwesterly 
foliation, but also within these divergent fractures.
Inasmuch as these dikes do not penetrate the Pennsylvanian 
and younger formations, their age is at least ore-Pennsylvanian.
The faulting probably may be correlated with the larger 
Precambrian intrusions dated by Hutchinson and Hedge (19&7) 
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Earthquakes at the area were registered by the U.S.
Bureau of Reclamation (Report No. DQ-8, 1968) with one 
shake from 1882 until 1963 and intensity lower than six on 
Mercalli scale. This study is corroborated by the relative 
absence of landslide in the area.
Figure 14 shows the location of epicenters of earthquakes 
occurring in Colorado for the period 1882 to 1963 and their 
intensities on the Rossi-Forrel and Mercalli scale.
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ENGINEERING- GEOLOGY
The Grey Mountain multipurpose dam and reservoir, 
located along State Highway 14, is an integral part of the 
U.S. Bureau of Reclamation*s Front Range Project.
The proposed dam will be an earth and rock-fill structure, 
with a downstream concrete overflow chute and an upstream 
facing of riprap. It will have a height of 375 feet, and a 
crestal length of 1,500 feet.
The storage capacity of the reservoir will be 200,000 
acre-feet to a level 51630 feet above sea level. Its inactive 
capacity is estimated as 20,000 acre-feet.
DAMSITE GEOLOGY
General geologic conditions: The site of the dam is an
asymétrieally-shaped portion of the Cache La Poudre Canyon,
90 feet wide at river-level and 1,500 feet wide at the elevation 
of the crest of the dam (Plate 3 and Figure 2).
The rocks at the damsite'are principally granite gneiss 
and pegmatite. The pink granite gneiss rates between 8 and 
9 on the hardness scale used by the Bureau of Reclamation,
Region ?• The average modal analysis of the rock by microscopic 
examination is 65% orthoclase, 20% quartz, 10% biotite, and 
5% weathered plagioclase; zircon, pyroxene, and magnetite are 
present in minor amounts. Biotite is the principal mafic 
mineral in both the granite gneiss and the pegmatite, although 
hornblende is present locally.
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The alkali feldspar contains about 15% clay minerals 
formed by weathering. This effect is estimated to extend 
only to a depth of 20 feet, but a drilling program is 
needed to define this parameter more precisely.
The axis of an isoclinal antiform lies 300 feet south 
of the damsite, and presents a favorable condition because 
the foliation dips upstream toward the reservoir.
Left abutment geology; This abutment will be in
granite gneiss containing lit-par-1it injections of pegamite.
Structurally, it is on the north limb of an isoclinal anti-
. ©form. The axis of this fold strikes No^W, and the foliation 
at the abutment strikes N?0W and dips 75 NE or upstream.
The granite gneiss under microscope is composed of 
65% of orthoclase, 20$ quartz, 10$ biotite, and 5% weathered 
plagioclase; accessory minerals are present in varying amounts. 
Clays formed by weathering constitute about 5% of the rock, 
and extend to an estimated depth of 20 feet.
According to the U.S. Bureau of Reclamation, Region 7, 
Office, the hardness of the rock is between 8 and 9»
Foundation geology: considerable overburden of variable
thickness, mostly Quaternary alluvium and colluvium, covers 
parts of the damsite to an unknown depth, and conceals the 
geology.
A major east-west fault crosses the river 220 feet 
below the axis. A seismic survey was made by the Bureau of 
Reclamation to determine the relative rock quality, the
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attitude and width of the fault, and its possible effect on 
drainage. The results of this test are not yet available.
Judging from the topography in the vicinity, the Cache 
La Poudre River at the proposed damsite appears to follow 
a possible fault having a north-south trend and vertical 
displacement.
Right abutment geology: Slope wash deposits, 1 to 3 
feet thick, cover most of the rock in the area, but the 
geology is similar to that on the opposite bank. Here, the 
foliation of the granite gneiss and its injected pegmatite 
veinlets is oriented N 70°W, 70° NE.
A discontinuous joint set is present in the abutment 
areas, and trends almost north-south with 80 W dips.
Diversion tunnel geology: A diversion tunnel is
recommended on the right abutment at the position shown on 
Plates 2 and 4. The favorable conditions implied by the 
thin overburden and the uniform quality of the bedrock 
indicate that only minimum support will be needed during 
the driving of and the life of this tunnel. However, rock 
bolts should be employed to increase the roof and crown 
stability, to assure safety and to prevent the opening of 
foliation planes.
Spillway geology: A tentative spillway site has been
selected on the right abutment, with a downstream concrete 
chute having a capacity of 90,000 cu, ft. per sec. The 
geology of the spillway site is the same as that of the
3%
undercrossing diversion tunnel (granite gneiss and pegmatite), 
Before construction, the weathered characteristic of this 
rock should be investigated thoroughly.
As illustrated on Figures 12 and 13* the joints in this 
area have an average spacing of 2 feet, and a dominant trend
0 0N 70 W, dipping ?0 NE. Minor joint sets have a variety of 
attitudes.
Recommendations for future studies: The area covered
by the enlarged map, scale 1:400 (Plate 2), should be studied 
.in detail to search for possible shear zones and. planes of 
weakness that may be concealed beneath overburden. This 
study must be integrated with information obtained from 
geophysics and drilling.
RESERVOIR GEOLOGY
The reservoir will have a surface elevation of 5*640 
feet, and will be confined within gneissic metasedimentary 
rocks that were injected by pegmatite and granodiorite sills 
which are concordant with the foliation.
Field studies and joint interpretation indicate that 
the basin of the reservoir will be water-tight. However, 
an inferred vertical fault system trending N 60-70 W crosses 
the reservoir (Plate 1), and may be a possible zone of 
leakage. A more detailed study of these faults is recommended,
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CONSTRUCTION MATERIALS
Cement: A direct source of cement is available in a
plant located at the town of Laporte, 10 miles from the damsite.
Sand and graveli Sand and gravel are available in the 
canyon of the Cache La Poudre River, both up and downstream 
from the damsite, and overlain by only a few feet of alluvium.
According to calculations of the author, a minimum of 
2 million cubic yards is contained in these deposits.
The gravel is composed of quartz, diorite, and granite 
pebbles which have good physical properties for construction 
purposes.
Impervious material: Impervious fill is available from
the Benton Formation (Figure 10), in Sections 5* 8, and 17 of 
T8N, R69W of the Laporte Quadrangle, about 10 miles east of 
the damsite and easily reached by State Highway 14 and 28?.
The Benton Formation, f?00 feet thick, is composed largely 
of shales that weather to depths of 4 to 10 feet, and 
bentonites » The bentonites, apparently, don't have effects 
for the purposes.
Riprap: The slope of the left abutment is covered by
granitic talus that could be used as riprap for the dam. If 
this is insufficient, a quarry could be developed in Section 4, 
T8N, R70W, one mile from the damsite. The rock at the latter 
locale is a mixture of fresh granite gneiss and biotite gneiss.
NECESSARY RELOCATIONS
The Fort Collins filter plant would be relocated below 
the dam, along the south side of the river.
Mr. Larry Cast, geologist and advisor of the Project 
for the Bureau of Reclamation, suggests (personal communi­
cation) that Highway 14 should be relocated along the right 
flank of the reservoir, at an elevation of 5»800 feet in 
order to provide recreational facilities of the reservoir.
The existing telephone and REA power lines would be relocated 
close to the highway.
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RELATION BETWEEN LITHOLOGY-COMPRESSIYE STRENGTH 
AND SCHMIDT HAMMER VALUES
The writer investigated the relationship between 
lithology-compressive strength and Schmidt hammer values for 
rocks in situ, in addition to the geological study of the 
Grey Mountain dam and reservoir area.
In this investigation throughout the area and shown on 
Plate 5» the writer used an L-type Schmidt hammer with an 
impact energy of 0.54 ft-lb. This instrument was designated 
or originally developed for use in estimating the strength 
of concrete and was later used to determine rock properties.
Procedure: Schmidt hammer values were obtained from
rock in place by making 3 separate impacts on a fresh 
polished rock surface.
The Schmidt hammer value for each test location was the 
average of three schmidt hammer readings,
For the obtaining of consistent values, it is imperative 
that each test be conducted in the same manner; that, the 
test should be made on fresh polished rock surfaces and the 
hammer held in a vertical position. The Schmidt hammer 
should be calibrated to a constant value prior to testing.
The mechanical properties of mica schist, and granodi- 
brite dikes are not described in this investigation because 
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The writer found a correlation between the mechanical 
properties of the rocks and the lithology, as shown in 
Figure 15 and Plate 5« These properties were converted to 
compressive strength values in psi as shown on curve A of 
Figure 15.
Schmidt hammer values range from 50 to 58 for the 
granite gneiss; 40 to 46 for garnet-biotite gneiss; 30 to 
39 for biotite gneiss; and 20 to 30 for sillimanite-biotite 
gneiss. These values obtained in the field were converted 
to psi values with the use of a conversion factor provided 
by the Soiltest Company (manufacturer of the Schmidt hammer) 
with the instrument itself.
Laboratory tests of the same rock (granite gneiss), 
revealed that the actual compressive strengths of the rock 
were higher than those obtained by the use of the conversion 
factor. The Schmidt hammer values were consistent in both 
field and laboratory works, thus indicating that the con­
version factors supplied by the Company are lower than the 
compressive strength values obtained in the test by the 
writer.
38
ROCK STRENGTH CLASSIFICATION FOR GEOLOGIC LOGS
(After U.S. Bureau of Reclamation, Regional 
Geologist Office; Courtesy of Mr. Newcomb 
Bennett, Regional Geologist)
1.-Very soft: Full length of thumb can be jammed into
in-place materials; will not support its own weight when 
saturated; e.g., beach sand or organic swamp muck.
2.-Soft; Thumb can be inserted to knuckle; granular 
materials crush down completely and easily to individual 
grains.
3.-Firm; In-place material can be thumb printed when moist.
4.-Compact; (Equal hard in cohesive soils terminology) 
cannot be thumbed; beginning of cementation. Granular 
materials can be crashed in fingers, but may contain 
cemented aggregates difficult or impossible to crush in 
fingers; includes clay cemented material which should be 
noted,
5.-Poorly cemented or noorly indurated; Does not break down 
or soften in water; very difficult or impossible to crush
in fingers, but edges can be scraped or crumbled, and grains 
rubbed off easily by hand.
6.-Cemented or indurated: Grains can be scraped off with 
fingernail or knife blade; one-half inch lumps can be 
crushed with pliers, and there is a tendency for material 
to crush to powder; core in 12-inch lengths can be broken 
in hand,
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7.-Well-cemented or well-indurated> Only lumps smaller 
than 1/2-inch can be broken in pliers. When crushed, there 
is a tendency to break down to angular chips rather than 
individual grains.
8.-Hard: Can be broken down to grains with a hammer, bub
does not ring.
9 «-Very hard: Breaks through grains; rings when hit with
a hammer.
10.-Hand specimen cannot be broken with a hammer (rare).
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